V 

SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to a semiconductor integrated circuit 

device such as a dynamic random-access memory. 

2. Description of Related Art 

In an operation test of a semiconductor integrated circuit device, the 

10 number of pins for testing must be as many as the number of total pads. 
However, as the number of pins increases, cost rises. Accordingly, a 
conventional semiconductor integrated circuit device includes a common 
circuit for sharing part of the pads at the time of testing as disclosed in JP 
9(l997)-92787 A, for example. 

15 Further, in a semiconductor integrated circuit device with a 

configuration in which, besides an external power supply supplied externally, 
an internal power supply generated based on the external power supply is 
used, external pads are necessary for monitoring the internal power supply 
at the time of testing memories or the like or for forcibly applying a voltage 

20 externally instead of an internal power supply. As illustrated in FIG. 9, 
which shows a configuration of the conventional semiconductor integrated 
circuit device, external pads 108 for the above— mentioned internal power 
supply are provided at an external pad region 102 of a semiconductor 
integrated circuit device 101. 

25 However, for inputting the external power supply or for monitoring 

the internal power supply at the time of memory test, it is necessary to 
provide at least as many external pads 108 as the number of internal power 
supply generating circuits 105 of embedded memories 103. Thus, when 
there are many memories 103, the number of the monitor pads 108 also 

30 increases accordingly. 

The semiconductor integrated circuit device 101 with a logic circuit 
and a pluraUty of memories embedded in a single chip, which is called a 
system LSI and has been used commonly in recent years, has a 
high-pin-count configuration when considering the number of pins for the 

35 logic circuit as well. Consequently, in order to achieve a smaller area, it 
has becomes absolutely necessary to reduce the number of external pads 
used for memory test. 
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Moreover, since the number of pins that can be monitored by a 
memory tester is limited, complex adjustment has to be made for memory 
test when the number of the external pads 108 exceeds the hmited number 
of pins. This also causes a problem that a test time cannot be shortened. 
5 On the other hand, in a semiconductor integrated circuit device having 
degenerate functions that are as many as I/Os, like the above-described 
semiconductor integrated circuit device disclosed in JP 9—92787 A, since 
characteristics of an internal power supply voltage vary between a normal 
operation period and a memory test period, the internal power supply 
10 voltage cannot be evaluated accurately. 

SUMMARY OF THE INVENTION 

In light of the problems described above, it is an object of the present 
invention to provide a semiconductor integrated circuit device that can 
15 achieve a lower cost and a smaller area without increasing the number of 
pads even when the number of internal power supply generating circuits 
has increased. 

In order to achieve the above— mentioned object, a semiconductor 
integrated circuit device of the present invention includes a plurality of 

20 internal power supply generating circuits arranged on a single chip, and a 
common monitor pad. The internal power supply generating circuits are 
connected via respective switches to the common monitor pad, and the 
internal power supply generating circuits and the monitor pad are 
selectively connectable by the switches. 

25 Accordingly, an external pad for monitoring an internal power 

supply or forcibly applying a voltage externally instead of the internal power 
supply (forcible application of power supply) can be shared by the plurality 
of internal power supply generating circuits. This decreases the number of 
external pads, making it possible to achieve a smaller area and a lower cost 

30 of a semiconductor integrated circuit device. 

Further, it is preferable that the internal power supply generating 
circuits generate equal internal power supply voltages. This makes it 
possible to reduce loads of transistors or wirings that are connected to the 
external pads. 

35 Moreover, each of the internal power supply generating circuits may 

generate an internal power supply based on an external power supply. 

It also is preferable that all of the switches are capable of being 
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turned off at the same time, and each of the switches is capable of being 
turned on or off selectively. With this configuration, during memory test, 
the internal power supply generated in each internal power supply 
generating circuit can be monitored. 
5 Further, it is preferable that the switches include an N-channel 

transistor or a P— channel transistor. With this configxiration, by 
controlling a gate voltage of the N— channel transistor or the P— channel 
transistor, it is possible to output an internal power supply in the cases of 
negative power supply voltage to boosted power supply voltage. 

10 Moreover, it is preferable that the internal power supply generating 

circuits are capable of being all or selectively brought into a deactivated 
state. With this configuration, the internal power supply generating circuit 
supplied forcibly with a voltage is brought into the deactivated state at the 
time of forcibly applying the voltage externally instead of the internal power 

15 supply. Consequently, it is possible to prevent the generation of an 
abnormal current or a through current caused by a collision between an 
output of the internal power supply generating circuit and the forcibly 
applied voltage from outside and, as a result, a desired voltage can be 
applied. 

20 Additionally, it is preferable that driver control portions further are 

connected to the internal power supply generating circuits. The driver 
control portions have a configuration of controlling a supply of a voltage to 
the internal power supply generating circuits. The voltage is input via an 
external pad. With this configuration, it is possible to achieve electric 

25 power savings of the power supply applied forcibly firom outside. Also, the 
amount of electric current supply can be reduced. 

Furthermore, the driver control portions may be provided 
respectively for the internal power supply generating circuits and controlled 
so as to operate in sjoichronization with the on and off of the switches. 

30 In addition, it is preferable that voltage level shifting circuits are 

provided between the internal power supply generating circuits and the 
switches. The voltage level shifting circuits shift voltage levels of internal 
power supplies generated in the internal power supply generating circuits. 
This makes it possible to boost a negative power supply voltage to a positive 

35 voltage and lower a boosted power supply voltage. Accordingly, the 
switches can be made into an integrated circuit, and it is possible to supply 
easily a negative power supply used when the substrate has a twin-well 



3 



structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a configuration of a 
5 semiconductor integrated circuit device according to a first embodiment of 
the present invention. 

FIG. 2 is a circuit diagram showing a control circuit according to the 
first embodiment of the present invention. 

FIG. 3 is a timing chart of each signal in the semiconductor 
10 integrated circuit device according to the first embodiment of the present 
invention. 

FIG. 4 is a block diagram showing a configuration of a 

semiconductor integrated circuit device according to a second embodiment of 

the present invention. 
15 FIG. 5 is a block diagram showing a configuration of a 

semiconductor integrated circuit device according to a third embodiment of 

the present invention. 

FIG. 6 is a circuit diagram showing a driver control portion 

according to the third embodiment of the present invention. 
20 FIG. 7 is a block diagram showing a configuration of a 

semiconductor integrated circuit device according to a fourth embodiment of 

the present invention. 

FIG. 8 is a circuit diagram showing a voltage level shifting circuit 

according to the fourth embodiment of the present invention. 
25 FIG. 9 is a block diagram showing a configuration of a conventional 

semiconductor integrated circuit device. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

First Embodiment 

30 The following is a description of a semiconductor integrated circuit 

device according to a first embodiment of the present invention, with 
reference to FIG. 1. A semiconductor integrated circuit device la is a 
system LSI and has a configuration in which memories 3a and 3b serving as 
storage portions are embedded in a substrate 11. 

35 Further, internal power supply generating circuits 5a, 5b, 5c and 5d 

for generating internal power supplies based on external power supplies and 
supplying the internal power supplies to the memories 3a and 3b and switch 
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control portions 4a and 4b for controlling outputs of the internal power 
supply voltages generated in the internal power supply generating circuits 
5a, 5b, 5c and 5d are provided on the substrate 11. The operation of the 
switch control portions 4a and 4b allows the internal power supply voltages 
5 not to be output during normal operation and to be output and monitored 
during memory test. 

The memory 3a is supplied with the internal power supply voltages 
generated in the two internal power supply generating circuits 5a and 5b, 
whereas the memory 3b is supplied with the internal power supply voltages 

10 generated in the two internal power supply generating circuits 5c and 5d. 
Also, the switch control portion 4a controls the output of the internal power 
supply voltages generated in the internal power supply generating circuits 
5a and 5b to a monitor pad 8, whereas the switch control portion 4b controls 
the output of the internal power supply voltages generated in the internal 

15 power supply generating circuits 5c and 5d to the monitor pad 8. 

An outer periphery of the substrate 11 serves as an external pad 
region 2, in which various kinds of pads are provided. Those pads include a 
control pad 7 and the monitor pad 8. The control pad 7 receives a control 
signal VSE from the outside and transmits it to the switch control portions 

20 4a and 4b. The control signal VSE controls the output of the internal 
power supply voltage to the monitor pad 8. 

The switch control portion 4a includes a control circuit 10a, and an 
N-channel transistor 6a and a P— channel transistor 16a whose operations 
are controlled by the control circuit 10a, whereas the switch control portion 

25 4b includes a control circuit 10b, and an N— channel transistor 6b and a 
P— channel transistor 16b whose operations are controlled by the control 
circuit 10b. In the case of using a plurality of internal power supply 
generating circuits for one memory as described above, a plurality of the 
N— channel transistors or the P-channel transistors serving as switches are 

30 used according to the number of the internal power supply generating 
circuits to be used, making it possible to control the outputs of the internal 
power supply generating circuits easily. Also, it is appropriate to use the 
N-channel transistors or the P-channel transistors depending on whether 
the internal power supply voltages are boosted power supply voltages or 

35 negative power supply voltages. 

A selection signal CEl for identifying the internal power supply 
voltage of the internal power supply generating circuits 5a and 5b to be 
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output is input from outside via the memory 3a to the control circuit 10a. 
An internal power supply voltage VBB of the internal power supply 
generating circuit 5a is supplied via the N-channel transistor 6a to the 
monitor pad 8. Also, an internal power supply voltage VPP of the internal 
5 power supply generating circuit 5b is supplied via the channel transistor 
16a to the monitor pad 8. 

Similarly, a selection signal CE2 for identifying the internal power 
supply voltage of the internal power supply generating circuits 5c and 5d to 
be output from the memory 3b is input from outside via the memory 3a to 

10 the control circuit 10b. An internal power supply voltage VBB of the 
internal power supply generating circuit 5c is supplied via the N-channel 
transistor 6b to the monitor pad 8. Also, an internal power supply voltage 
VPP of the internal power supply generating circuit 5d is suppUed via the 
P— channel transistor 16b to the monitor pad 8. 

15 FIG. 2 shows an example of the configuration of the switch control 

portion 4a. The control circuit 10a includes a NAND circuit 9a and a NOR 
circuit 9b. The selection signal CEl and the control signal VSE are input 
to the NAND circuit 9a, and a switch control signal PPSl is input to a gate 
of the P— channel transistor 16a. An inverted signal of the selection signal 

20 CEl and the control signal VSE are input to the NOR circuit 9b, and a 
switch control signal BBSl is input to a gate of the N-channel transistor 6a. 
With the circuit configuration described above, it is possible to control the 
N— channel transistor 6a and the P— channel transistor 16a according to the 
selection signal CEl and the control signal VSE and thus control the supply 

25 of the internal power supply voltages VBB and VPP to the monitor pad 8. 

The internal power supply voltage of the internal power supply 
generating circuit 5a or 5b selected in the switch control portion 4a is 
supplied to a common node VOLS. At the time of memory test, the internal 
power supply voltage of the internal power supply generating circuit 5a or 

30 5b is supplied to the common node VOLS and can be monitored by the 
monitor pad 8. 

It should be noted that the switch control portion 4b also has a 
configuration similar to the above. 

An operation of the semiconductor integrated circuit device la with 
35 the above— described configuration as shown in FIG. 1 will be described 
referring to a timing chart shown in FIG. 3. In FIG. 3, the period before 
cycle A is a normal operation mode, in which a signal TEST to be input to 
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the memories 3a and 3b is at a ground voltage VSS. The selection signals 
CEl and CE2 also are in a deactivated state. In the circuit configuration of 
FIG. 2, when the selection signals CEl and CE2 are deactivated, all of the 
N— channel transistors 6a and 6b and the P— channel transistors 16a and 16b 
5 are cut off by the switch control signals BBSl, BBS2 and PPSl, PPS2. 
Thus, the internal power supply generating circuits 5a, 5b, 5c and 5d are 
not connected to the monitor pad 8, and the common node VOLS is in a 
High— Z (high-impedance) state. 

In the cycle A, the signal TEST changes to an external power supply 

10 voltage VDD, and a memory test mode begins. Further, the selection signal 
CEl alone is activated, and the control signal VSE input from the control 
pad 7 is at VPP. This turns on only the transistor controlled by the switch 
control signal PPSl. In other words, the internal power supply voltage 
VPP of the internal power supply generating circuit 5b alone is supplied to 

15 the common node VOLS and monitored by the monitor pad 8. 

Next, in cycle B returning to the normal operation mode, the signal 
TEST changes to VSS, and the common node VOLS turns into the High-Z 
state. 

Subsequently, in cycle C, the signal TEST changes to VDD again, 

20 and a memory test mode begins. The selection signal CE2 alone is 
activated, and the control signal VSE is at VBB. This turns on only the 
transistor controlled by the switch control signal BBS2. In other words, 
the internal power supply voltage VBB of the internal power supply 
generating circuit 5c alone is supplied to the common node VOLS and 

25 monitored by the monitor pad 8. 

Finally, in cycle D returning to the normal operation mode, the 
common node VOLS similarly turns into the High— Z state. 

In a similar manner, the combination of the selection signals CEl, 
CE2 and the control signal VSE can turn on each of the N-channel 

30 transistors 6a and 6b and the P— channel transistors 16a and 16b in the 
switch control portions 4a and 4b or turn off all of them at the same time. 
Thus, the internal power supply voltages of the internal power supply 
generating circuits 5a, 5b, 5c and 5d can be monitored selectively. This 
makes it possible to reduce the number of the external pads considerably, 

35 leading to a smaller area and a lower cost for the semiconductor integrated 
circuit device. 

Furthermore, in the case of applying the external power supply 
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forcibly to the memories 3a and 3b without using the internal power supplj', 
it is appropriate that the switch control portions 4a and 4b connect the 
monitor pad 8 and the internal power supply generating circuits 5a, 5b, 5c 
and 5d of the desired memories 3a and 3b. In this state, the external 
5 power supply voltage is applied forcibly from the monitor pad 8 via the 
internal power supply generating circuits 5a, 5b, 5c and 5d to the memories 
3a and 3b. Incidentally, in this case, the internal power supply generating 
circuits 5a, 5b, 5c and 5d are in the deactivated state and do not generate 
power supply voltages. By deactivating the internal power supply 

10 generating circuits 5a, 5b, 5c and 5d, it is possible to prevent a collision 
between the external power supply applied forcibly and the internal power 
supply generated internally, thus avoiding the generation of an abnormal 
current or a through current. 

If existing signals such as the control signal VSE and the selection 

15 signals CEl and CE2 are used for the control of deactivating the internal 
power supply generating circuits 5a, 5b, 5c and 5d, it is possible to 
deactivate these circuits 5a, 5b, 5c and 5d selectively, further reducing the 
external pads and leading to a smaller area. 

As described above, in accordance with the semiconductor integrated 

20 circuit device la of the first embodiment, it is possible to monitor the 
internal power supply of each of the internal power supply generating 
circuits 5a, 5b, 5c and 5d at the time of memory test or apply the external 
power supply forcibly to the memories 3a and 3b by using the common 
control pad 7 and the monitor pad 8 alone even when a plurality of the 

25 memories 3a and 3b are embedded in a single chip. This can reduce the 
number of the external pads, achieving a smaller area of the semiconductor 
integrated circuit device. 

Moreover, since the switch control portions 4a and 4b are provided in 
the semiconductor integrated circuit device la not only at the time of 

30 monitoring the internal power supply and forcibly applying the external 
power supply but also at the time of normal operation, there occurs no 
variation in the characteristics of the internal power supply voltage between 
the normal operation period and the memory test period. Therefore, the 
internal power supply can be evaluated accurately. 

35 Second Embodiment 

The following is a description of a semiconductor integrated circuit 
device according to a second embodiment of the present invention, with 
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reference to FIG. 4. A semiconductor integrated circuit device lb of the 
second embodiment is different from that in the first embodiment in that 
outputs having equal electric potentials firom among outputs of the internal 
power supply generating circuits 5a, 5b, 5c and 5d are connected to the 
5 same monitor pad. 

The semiconductor integrated circuit device lb includes as the 
external pads two monitor pads 8a and 8b other than the control pad 7. In 
the first embodiment, the internal power supply voltages generated in the 
internal power supply generating circuits 5a, 5b, 5c and 5d are supplied to 
10 the same monitor pad 8 regardless of whether they are VBB or VPP. In 
contrast, in the semiconductor integrated circuit device lb according to the 
second embodiment, the internal power supply voltage is supplied to the 
monitor pad 8a when it is VPP and supplied to the monitor pad 8b when it 
is VBB. 

15 More specifically, the internal power supply voltage VBB of the 

internal power supply generating circuit 5a is equal to the internal power 
supply voltage VBB of the internal power supply generating circuit 5c. 
Then, they are supplied via the switch control portions 4a and 4b to the 
common node VBBS and both monitored by the rnonitor pad 8b. Also, the 

20 internal power supply voltage VPP of the internal power supply generating 
circuit 5b is equal to the internal power supply voltage VPP of the internal 
power supply generating circuit 5d. Then, they are supplied via the switch 
control portions 4a and 4b to the common node VPPS and both monitored by 
the monitor pad 8a. 

25 The switch control operations in the monitoring of the internal 

power supply during memory test, forcible application of the external power 
supply voltage etc. in the semiconductor integrated circuit device lb of the 
second embodiment are similar to those in the first embodiment. Thus, the 
description thereof will be omitted here. 

30 In the semiconductor integrated circuit device lb of the second 

embodiment, since the internal power supplies supplied to the memory 3a 
firom the internal power supply generating circuits 5a and 5b are of two 
different kinds, i.e., VPP and VBB and monitored by the different monitor 
pads 8a and 8b, such different internal power supplies can be monitored at 

35 the same time. The same is true for the memory 3b. Thus, as described 
above, by achieving the configuration in which the internal power supplies 
having equal electric potentials are supplied to the common monitor pad, it 
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is possible to monitor the internal power supply for each of the memories 3a 
and 3b easily. 

In addition, the semiconductor integrated circuit device lb of the 
second embodiment can reduce the load of wirings or transistors connected 
5 to one monitor pad. 
Third Embodiment 

The following is a description of a semiconductor integrated circuit 
device according to a third embodiment of the present invention, with 
reference to FIG. 5. A semiconductor integrated circuit device Ic of the 

10 third embodiment is a system LSI having memories 3a and 3b provided on a 
substrate 11. Further, internal power supply generating circuits 5e and 5f 
provided respectively for the memories 3a and 3b, switch control portions 4c 
and 4d for controlling outputs of internal power supply voltages and driver 
control portions 14a and 14b are formed on the substrate 11. Also, an 

15 external pad region 2 on an outer periphery of the substrate 11 is provided 
with external pads including a control pad 7, a forcible application pad 15, a 
monitor pad 8c and a control pad 17. 

The internal power supply generating circuits 5e and 5f are 
connected via the switch control portions 4c and 4d to the monitor pad 8c. 

20 The switch control portions 4c and 4d respectively include P— channel 
transistors 16c and 16d and control circuits 10c and lOd for controlling them. 
The driver control portions 14a and 14b respectively supply forcible 
application voltage VPP2, which is an external power supply voltage input 
from the forcible application pad 15, to the internal power supply generating 

25 circuits 5e and 5f based on an application control signal VKE input from the 
control pad 17. 

The driver control portion 14a has, for example, a circuit 
configuration as shown in FIG. 6, including a circuit of a differential 
amplifier driver configuration and an AND circuit serving as a driver control 

30 circuit 12a for controlling the circuit of the differential amplifier driver 
configuration. With this differential amplifier driver configuration, it is 
possible to achieve power savings of the external power supply to be 
supplied. The AND circuit (the driver control circuit 12a) activates the 
differential amplifier based on the selection signal CEl and the application 

35 control signal VKE. It should be noted that the driver control portion 14b 
also has a configuration similar to the above. 

An operation of the semiconductor integrated circuit device Ic with 
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the above— described configuration as shown in FIG. 5 will be described. 
First, in the memory test, when monitoring the internal power supply 
voltage, the application control signal VKE is turned off. In this way, the 
driver control portions 14a and 14b are turned off and not subjected to the 
5 forcible application of the external power supply voltage. Using a switch 
control signal VSE and the selection signals CEl and CE2, the control 
circuits 10c and lOd are controlled, thereby turning on the P— channel 
transistor connected to the output of a desired internal power supply 
generating circuit. This allows monitoring of a desired internal power 

10 supply from the monitor pad 8c. Incidentally, during the memory test, the 
driver control portions 14a and 14b may be turned off/ on in synchronization 
with the on/ off of the P— channel transistor of the switch control portions 4c 
and 4d, respectively. 

The following description is directed to the case of forcibly applying 

15 the power supply externally. Using the application control signal VKE and 
the selection signals CEl and CE2, a desired driver control portion 14a or 
14b is turned on, and a desired external power supply voltage is supplied to 
the internal power supply generating circuit 5e or 5f. At this time, the 
switch control portions 4c and 4d may be tiurned on for monitoring or turned 

20 off. 

At the time of normal operation, the switch control portions 4c and 
4d are turned off so that the outputs of the internal power supply generating 
circuits 5e and 5f are not supplied to the monitor pad 8c. Furthermore, the 
driver control portions 14a and 14b also are turned off so that the external 

25 forcible application power supply is not applied. 

As described above, the semiconductor integrated circuit device Ic of 
the third embodiment is provided with the driver control portions 14a and 
14b for supplying the voltages to the internal power supply generating 
circuits 5e and 5f, whereby the forcible application pad serving as an 

30 external pad other than the monitor pad for outputting the internal power 
supply voltage is used to input the external power supply voltage. 
Consequently, the load of each external pad is reduced, thus increasing a 
current supply capacity and achieving electric power savings. 

It should be noted that the semiconductor integrated circuit device 

35 of the first embodiment or the second embodiment may be provided with 
driver circuits similarly to the semiconductor integrated circuit device of the 
third embodiment. 
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Fourth Embodiment 

The following is a description of a semiconductor integrated circuit 
device according to a fourth embodiment of the present invention, with 
reference to FIG. 7. A semiconductor integrated circuit device Id of the 
5 fourth embodiment is a system LSI having memories 3a and 3b provided on 
a substrate 11. Further, besides the memories 3a and 3b, internal power 
supply generating circuits 5e and 5f provided respectively for the memories 
3a and 3b, switch control portions 4e and 4f for controlling outputs of 
internal power supply and voltage level shifting circuits 18a and 18b are 

10 formed on the substrate 11. Also, an external pad region 2 on an outer 
periphery of the substrate 11 is provided with external pads including a 
control pad 7 and a monitor pad 8d. 

The internal power supply generating circuits 5e and 5f are 
connected via the voltage level shifting circuits 18a and 18b and the switch 

15 control portions 4e and 4f to the control pad 7. The switch control portions 
4e and 4f respectively include N-channel transistors 6c and 6d and control 
circuits lOe and lOf for controlling the N— channel transistors 6c and 6d. 

The voltage level shifting circuit 18a has, for example, a circuit 
configuration as shown in FIG. 8. An internal power supply voltage VBB 

20 generated by the internal power supply generating circuit 5e is at an electric 
potential at a negative level for controlling a substrate voltage. The 
internal power supply voltage VBB is shifted to a voltage VBB2 midway 
between an external power supply voltage VDD and the internal power 
supply voltage VBB by the voltage level shifting circuit 18a. At the time of 

25 memory test, the shifted voltage VBB2 is supplied via the switch control 
portion 4e to the monitor pad 8d. It should be noted that the voltage level 
shifting circuit 18b also has a configuration similar to the above. 

By providing the voltage level shifting circuits 18a and 18b, the 
voltage level can be shifted to an optimal voltage especially in the case 

30 where the internal power supply has a higher voltage than the external 
power supply or the internal power supply is a negative power supply. 
Thus, there is no need for a complex circuit configuration of the switch 
control portions 4e and 4f at the subsequent stage. Also, in the case where 
the substrate 11 has a twin— well structure and a negative power supply 

35 voltage is used in the memories 3a and 3b, the voltage level can be shifted to 
a positive power supply voltage, thereby simplifying the circuit 
configuration of the switch control portions 4e and 4f. 
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As described above, in accordance with the semiconductor integrated 
circuit devices of the first to fourth embodiments, even in the system LSI 
with a configuration in which a plurality of memories including internal 
power supply circuits are embedded in a single chip, it is possible to inspect 
5 the memories and apply the external power supply forcibly without the need 
for increasing the number of external pads. Consequently, a semiconductor 
integrated circuit device that can achieve a lower cost and a smaller area 
can be provided. 

The first to fourth embodiments have illustrated an example of the 
10 internal power supply generating circuits for generating internal power 
supplies to be used for memories. However, there is no particular 
limitation to the memories, and the present invention can be applied to any 
semiconductor integrated circuit as long as it includes an internal power 
supply generating circuit. 
15 The circuit configurations illustrated specifically in the first to 

fourth embodiments are merely examples, and the present invention is by 
no means limited to these specific examples. 

The invention may be embodied in other specific forms without 
departing from the spirit or essential characteristics thereof. The 
20 embodiments disclosed in this application are to be considered in all 
respects as illustrative and not restrictive, the scope of the invention being 
indicated by the appended claims rather than by the foregoing description, 
all changes that come within the meaning and range of equivalency of the 
claims are intended to be embraced therein. 

25 



13 



